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in 

It is demonstrated that charm is systematically undercounted in various ex- 
t**'* ■ periments. Via a process of elimination, B(D° — > K~n + ) is identified as 

| the culprit. It calibrates essentially all charmed meson production and de- 

\Q [ cay properties, and thus is central to the physics of heavy flavors. We pre- 

dict it to decrease significantly below currently accepted values. We suggest 
Q\ ■ several novel methods for precise measurements of B(D° — » K~tt + ). The 

B(A C — > pK~n + ), on the other hand, calibrates heavy-flavored baryons. Its 
Q-i! world average relies heavily on a model of baryon production in B decays, 

which would be invalidated if B — > N X processes were found to be 

pJIj ■ significant. A Dalitz-plot analysis explains naturally the soft inclusive A c 

momentum spectrum in B decays, and predicts sizable B — > £)W jy X 
^ ■ processes. Consistently carrying through these modifications to charmed me- 

son and baryon yields has the potential to resolve the heavy-flavor puzzles 
at Z°-factories [R c , R^\, the number of charm per S-decay puzzle, and the 
semi-leptonic B decay puzzles. We emphasize that state of the art theoret- 
ical calculations are consistent with precise experimental measurements re- 
garding B(B — > Xlu). Recent CLEO measurements are interpreted as newly 
available cross-checks that any inclusive theoretical investigation must satisfy. 
Another topic of this report concerns the b — > c + K transitions, which 
were predicted to be sizable and subsequently confirmed by CLEO. This re- 
port discusses the underlying dynamics of those processes and quantifies the 
necessary modifications in existing semileptonic analyses due to the ignored 
b — > D —* l~ background. The determination of the average, time-integrated 
B — B mixing parameter x at higher energy colliders is more subtle than 
currently realized. All existing dilepton analyses that determine B(b — > £~) 
must modify their removal of B — B mixing effects. Several implications on 
the physics of heavy flavors are mentioned. 
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I. INTRODUCTION 



One of the purposes of this paper is to demonstrate that there is a systematic under- 
counting of charm in various experiments. Whereas the number of primary charm at Z° 
factories (R c ) is accurately predicted to be 17.2%, experiment observes only (15.98 ±0.69)% 
|T|J^J^,^]. Historically, the number of charmed hadrons per B decay (n c ) was measured to 
be smaller than expectations and the sum over all exclusive semileptonic B decay BR's 
is significantly less than the inclusive B(B — > Xiv) measurements ||. A common thread 
in all of these cases is charm counting which heavily depends on the value of the branching 
fraction for D° — > K~tt + . 

The value of B(D° — ^ K~n + ) calibrates much that is known in charm and beauty decays, 
and is believed to be known to better than ± 5% accuracy. The experiment CLEO |7j 
measures 

B(D° -> K-ii + ) = (3.91 ± 0.19)% , 
and the 1994 Particle Data Group || cites a world average of 

B(D° -> fT 7T+) = (4.01 ± 0.14)% . 

These values have been used to calibrate not only most other D° decay modes, but D + 
decay modes as well ||, via 

B(D + -> K-iT + iT + ) 
T+ ~ B(D° -> K-7T+) ' 

The calibration mode for the D s , namely B(D S — > 07r), has also been recently tied to 
B(D° — > K~tt + ) in a model independent fashion [|1^ . 

Historically n c has been obtained by combining all charmed hadron yields in B decays, 
including the inclusive production of weakly decaying charmed baryons. The present central 

are 



values for S c and A c yields which are used to calculate the baryon component of n c JL1 
comparable at roughly 5%. The latter is measured rather well, whereas the S c measurement 
has large uncertainty. The CLEO collaboration has demonstrated that the right-sign £ + A c 



correlations dominate over the wrong-sign £~A C case |15j (where the lepton comes from the 
semileptonic decay of one B and the A c originates from the other B in an T(4S) event). As a 
result, the inclusive S c production in B decays cannot, in fact, be as large as that of the A c . 
[Throughout this report, CP violation is neglected and for each process its CP-conjugated 
relative is implied.] 

Because A c production in B decays is measured with greater accuracy than that of the 
S c , we correlate the weakly decaying charmed baryon (baryon c ) production in B decays to 
that measured for the A c (see Appendix). In the process, we find that the current measured 
central value for the S c yield in B decays is too high. We also propose to not use the 1994 
PDG value of B(A C — > pK~n + ) = (4.4 ± 0.6)%, because it relies heavily on a flawed 
model of baryon production in B decays. We instead follow the more satisfactory approach 
outlined in Ref. [fL6| , where B(A C — > pK~ir + ) = (6.0 ± 1.5)% is obtained by assuming equal 



inclusive semileptonic widths for D and A c decays. These two effects reduce the baryon c 
production in B decays significantly and yield n c = 1.10 ± 0.06 when one uses the value 
B(D° — > K~7T + ) = (3.91±0.19)%. This is appreciably lower than current n c estimates [ITT 



The CLEO [|T7[] experiment recently confirmed our prediction [JTBJ for significant wrong- 



charm production (B — > DX) in B decays and has therefore completed the mapping of the 
b — > c transitions. This opens up an alternate, indirect method for the determination of n c 
which is far less sensitive to either B(B^ baryon c X) or B(D° — > K~n + ). This method 
yields a value of 1.19 ± 0.03, which differs from the direct measurement. 

Since inclusive charm production in B decays is dominated by the inclusive D yields, we 
will entertain the possibility that the current accepted value for B(D° — > K~tt + ) could be 
wrong. [We consider B(D° — > K~n + ) instead of the absolute branching fractions for D s and 
A c , because the latter play a smaller role in the determination of n c and would therefore have 
to be altered beyond reasonable extremes to have the same result. In addition, the Standard 
Model allows a sufficiently accurate estimate for hidden charmonia production in B decays 
and for charmless B decays. We are thus naturally led to focus on the B(D° — > K~it + ) (see 
Eqs. (2.21)-(2.22)).] Since the two determinations for n c must agree, we equate them and 



solve for B(D° -> R--K+) to obtain the precise result B(D° -> i^7r+) = (3.50 ± 0.21)%, 
which is significantly smaller than the currently accepted value. This reduced value will be 
seen to solve the R c puzzle and to mitigate the semileptonic B decay problem mentioned 
above. 

If correct, a reduced value for B(D° — > K~tt + ) would have implications for the whole field 
of heavy flavor decays including the discrepancy between theory and experiment regarding 
Rb- A downward shift in the value for B(D° — > K~n + ) could imply that current experimental 
analyses of Rb are underestimating their tag rate for Z — > cc. Because D° — > K~tt + 
calibrates almost all charmed meson branching fractions, a reduced value would necessarily 
imply that a proper accounting has yet to be carried out for a significant fraction of D° 
decays. The modes which have been miscounted or simply missed would likely involve 
higher track multiplicities, since such decays are more vulnerable to detector inefficiencies, 
particle misidentification, and the presence of neutral daughters ||19|| . On the other hand, 
the higher multiplicities would also mean that these decays would more easily be tagged 
as .B's. We have studied this and other sources that have the potential to remove the Rb 
discrepancy between the Standard Model and experiment PD"| . There are, of course, many 
additional implications, some of which we will touch upon in the conclusion. 

Because the precise knowledge of the value of B(D° — > K~tt + ) is so central to these 
issues, we encourage a widespread effort to remeasure it, and suggest several novel methods 
for doing so. It is noteworthy that the most recent determination of B(D° — > K~ir + ), as 
obtained by ARGUS ||12|| , is compatible with our findings, 

B(D° -> K-7T + ) = (3.41 ± 0.12 ± 0.28)% . 

The second topic of this note concerns B — > DD KX processes. Because they have 
been generally overlooked in published experimental analyses, it is of some consequence 
that we predicted, in a variety of ways, that they are sizable CLEO WJ\ confirmed our 



prediction and has found that the inclusive wrong-charm yield is about 10%, 

B(B -> DX) w 10% . 



Since this comprises a large fraction of all B decays, we will discuss the underlying dynamics 
to help enable a more careful probing of these transitions. We then shift gears and discuss 
necessary modifications to published results for B decays, which have not considered the 
B — > DD KX background. In the interest of brevity we will give a detailed discussion only 
for measurements of the semileptonic decays of B hadrons. 

We point out that current measurements j^TJ of B — > D**(X)£u have to carefully assess 
the impact of the b — > c D KX background, where one of the charmed hadrons delivers the 
charged lepton via its semileptonic decay. 

The inclusive, single lepton spectrum determines B(B — > Xlv). CLEO subtracted lep- 
tons via B —>■ (A C ,D~) — > £ transitions |2^j23|] . The shapes of the primary (B — > t~) and 



secondary (B — > D — > £ + ) spectra were taken from various models. The overall normaliza- 
tions for the primary and secondary spectra were obtained from a fit to data. It was found 
that the ACCMM model ||] fits the data well, whereas the ISGW model [|2l|H does not. 



By letting the B — > D**£v component float in the ISGW model, CLEO @ could get a 
much better fit, albeit with a very large value for the ratio; 

B(B -> D**£u) 

—-= ± = 0.23 ± 0.01 ± 0.05 . 

B(B -> X£v) 

CLEO denotes the modified ISGW model by ISGW**. All current analyses assume that 
inclusive D production in B decays is mediated by b — > c transitions. The leptons generated 
from these D decays have the opposite charge of the primary leptons. We now know that 



wrong-charm production in B decays is a significant source of soft D's HL7| . The soft D 
gives rise to a soft lepton with the same charge as the primary lepton. Of the two sources 
of secondary leptons (6 — > D — > £ + and b — > D — > £~) the latter must be subtracted from 



the primary component measured from charge correlations p7| 23], 22 ,|2"8| . This subtraction is 



lacking in all existing analyses. The secondary lepton yield B — » D — > £ from single inclusive 
lepton fits is enhanced relative to the B —>■ D — » £ + yield obtained from dilepton analyses. 
We estimate the enhancement due to B(B — > D — > e _ ) to be about 1%. This systematic 



enhancement is indicated in Table 4.7 of Ref. 22 



Once backgrounds have been treated correctly, the inclusive single lepton analysis at 
T(AS) factories JEJ] determines the correct primary lepton spectrum since the method is 
insensitive to the charge of the lepton. In contrast, the published dilepton methods measure 
the primary lepton spectrum for which the soft B —>■ D — > £~ background contribution still 
must be removed. 

Several analyses at the Z° resonance take the primary lepton spectrum from T(4S) 
factories as input. Those analyses ought to be updated, because they rely on older CLEO 



data |29j with a softer primary lepton spectrum 

B(B -> D**£p) 
B(B-> Xiu) ~ 

than recent CLEO results [p^] . All inclusive B(b — > £~) measurements at the Z° that rely 



0.32 ±0.05 



on the primary spectral shape from T(4S) factories will thus change. 

The charge correlation method of ALEPH does not rely upon the spectral shape from 
lower energy measurements. The basic idea for this analysis originates from the "model 
independent" dilepton analysis of ARGUS [j27[|, which was improved by CLEO KI3J23]. In 



such analyses, the primary and secondary components are "model independently" extracted 
via charge correlations. However, the analyses of ARGUS, CLEO and ALEPH must be 
modified in two respects. First, because the b — ► D — > £~ background has not yet been 
subtracted, the primary component is deceptively enhanced. Second, the removal of B° — B~° 
mixing effects is more subtle than currently realized. 

Because most model dependence is indeed absent, we will be able to quantify our expec- 
tations. The threshold machines operating at T(4S) require a momentum cut p > 0.6 GeV/c 
for the signal electron. Fortunately, this cut removes most of the soft B — > D — > e~ back- 
ground and drastically reduces the modification required for the correct removal of B& — B& 
mixing effects. Experiments at the Z° resonance are less fortunate. In this case, the large 
boost imparted to the primary B hadrons causes the background leptons to contribute more 
significantly. As a consequence, the model independent measurement of B(b — > £~) at the 
Z° resonance will need to be shifted downward, alleviating the puzzle of why the inclu- 



sive semileptonic BR of B hadrons at Z° factories is significantly larger than at its T(4S) 
counterpart [H0,CT. 



The model independent extraction of B(b — > i ) |ES| is not the only observable that is 



affected by a modification of the B — B mixing effects. The published measurements |32 
of the average, time integrated, mixing parameter \ at higher energy facilities must also 
be modified. Whereas existing analyses have implicitly assumed the same average mixing 
parameter \ for the primary and secondary lepton components, we will demonstrate that 
the two components experience different average B — B mixing effects. Consequently, those 
extractions flL^Hl of B(b — > £~) that involve the average mixing parameter \ must be 
adjusted. 

We hope to motivate our experimental colleagues to remeasure the quantities of interest, 
since they alone can correctly assess all of the uncertainties. We are eager to learn the 
outcome of their studies. 

This report is organized as follows: 

Section II determines B(D° — > K~n + ) by equating the results for two complementary 
methods of determining n c . The resultant value of B(D° — > K~n + ) is lower than the current 
accepted values. Consequences of the theory of inclusive B decays are mentioned. 

Section III interprets the low R c measurements as another indication of a smaller than 
expected value for B(D° — > K~n + ). 

Section IV discusses the underlying dynamics of B — > DD KX processes. 

Section V reviews semileptonic B decays. It first discusses the structure of single, in- 
clusive lepton data samples followed by dilepton samples. Modifications resulting from the 
hitherto neglected b — > D — > t~ background, and the correct removal of B° — B° mix- 
ing effects are presented in great detail. Exclusive semileptonic B decays are then clas- 
sified. Combining all classes of these decays again illustrates the need for a lower value 
of B(D° — ► K~7i + ). Instead of using inconclusive experimental B(B — ► D**(X)£v), we 



suggest, for now, to use a Bjorken-Isgur-Wise sumrule P3J, which "model independently" 



relates the combined semileptonic BR into charmed p wave states to the Isgur-Wise slope 



parameter, p 2 . 

Section VI discusses the possibility of novel precision measurements of B(D° — > K~n + ) 
from semileptonic B decays. (Other new measurements were advertised in earlier sections.) 

Section VII explains why we prefer B(A C — > pK~n + ) = (6.0 ± 1.5)% over the smaller 
world average (4.4 ± 0.6)%. 

Section VIII discusses some of the consequences of a smaller than currently accepted 
value for B(D° — > K~7r + ). It also discusses several implications of significant b — > c + D *^ K 
transitions. 

We believe that the adjustments to published, experimentally extracted quantities sug- 
gested in this report are reasonable estimates of what is required for a consistent picture 
of heavy flavor decays. Nevertheless, we emphasize the fact that the most accurate values 
and their systematic uncertainties can only be obtained by the various experiments involved 
in these measurements by means of the analysis of new data or reanalysis of existing data. 
We are eager to learn from our experimental colleagues what results are obtained after the 
effects discussed in this note have been taken into account. 

II. B(D° -> K-TT+) FROM N c 

The number of charmed hadrons per B decay is defined by 

n c = Y D + Y Ds + Y baryoric + 2B(B -> (cc)X) , (2.1) 

where the inclusive production of an arbitrary hadron T is defined as 

Y T = B(B -> TX) + B(B -> TX) . (2.2) 

Here all weakly decaying, singly charmed baryon species (A c , H+'°, Q c ) are denoted collec- 
tively by bar yon c while (cc) denotes charmonia not seen as open charm. Table I summa- 
rizes relevant CLEO measurements. Note that the inclusive D + yield in B decays involves 
B{D + -> K-n + n+), which in turn is calibrated by D° -> R--k + 0, 



S 



B(D~ 



K 7T + 7T 



B(D° -> K-TT' 



2.35 ±0.23 



(2.3) 



We can thus write 

Y D + = (0.235 ±0.017) 
= (0.238 ±0.029) 
The inclusive D yield in B decays, 



9.3 



3.91(2.35 ±0.23) 
3.91% 
B(D° -> K-TT+) 



3.91% 



B(D° -> K-7T+) 



(2.4) 



(2.5) 



can then be expressed as shown in Table I. The measurement of inclusive S c production in 
B decays has large uncertainty because it suffers from a low number of candidate events and 
a large uncertainty in the branching fraction used for its calibration. In the Appendix, we 
therefore correlate both S c and fl c production in tagged and untagged B decays to Y\ c and 



B(B -> A C X) 



(2.6) 



B(B -> A C X) 

We neglect b — > -u transitions and use the Cabibbo suppression factor, # 2 = (0.22) 2 , for 
charmed baryon production in 6 — > cus(b — > ccc?) versus 6 — > cud'(b — > ccs'). [The prime 
indicates that the corresponding Cabibbo suppressed mode is included.] The Appendix also 
parametrizes ss fragmentation from the vacuum, and predicts 



^ = 0.38 ±0.10 , 



Y 



baryoric 



Y, 



= 1.41 ±0.12 , 



Ac 



B(B — > baryon c X) 



1.22 ±0.07 , 



(2.7) 



(2.8) 



(2.9) 



B(B — > baryon c X) 



= 0.20 ±0.10 . 



(2.10) 
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We probably overestimate S c production in B decay, because our unsophisticated predictions 
do not include the fact that the V-A interactions tend to create highly excited S c baryons 
in B decays (see the Appendix). The quark flavor of an initially highly excited S c baryon 
is generally not retained by its weakly decaying offspring. Nevertheless, the true value for 
Ybaryon c / Y A c must lie in the range 

Ybaryon c 



1 < 



< 1.41 ±0.12 . 



(2.11) 



Variation over this range has negligible effect upon the accurate extraction of n c , and so, for 
now, we use the values Eqs. (2.7) - (2.10), and hope to return with a more realistic modelling 
of charmed as well as uncharmed baryon production in B decays in a future report. Thus 
n c becomes: 



n c = (0.883 ± 0.038) 
+ (0.042 ±0.008) 



3.91% 



B(D° -> K-71+) 
6% 



+ (0.1211 ±0.0096) 
+ 2B(B -> (cc)X) . 



3.5% 



B(D S 



)7T 



± 



(2.12) 



B(A C ^ pK-n+)_ 

Inserting the necessary absolute branching ratios (BR) for charm decays (see Table II) and 
estimating [13] 



B(B -> (cc)A) = 0.026 ± 0.004 



(2.13) 



one would obtain 



n r = 1.10 ±0.06 



(2.14) 



which is below the currently accepted value JTTJ . 

Most recently, CLEO completed the direct measurement of B(b — > ccs') which allows an 



alternative extraction of n c via the expression [18 



n c = 1 — B(b —>■ no charm) ± B(b — >• ccs') 



(2.15) 



This alternative extraction of n c is far less sensitive to miscalibrations of absolute branching 



ratios of charmed hadron decays. For B{b ^no charm) we use [|J 
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5(6 -> no charm) = (0.25 ± 0.10) (0.1049 ± 0.0046) 
= 0.026 ±0.010 



The inclusive wrong-charm 5 decay yield is |3^J5^;(T^J5B 



5(6 -> ccs') » 5(5 -> DX) + 5(5 -> 5>;X) 



+ 5(5 -> 6aryon c X) + 5(5 -> (cc)X) . 

From Tables I and III, Eq. (2.17) and our charmed baryon model, we find 

3.91% 



B(b -> ccs') = (0.085 ± 0.025) 

+ (0.100 ±0.012) 
+ 5(5 -> (cc)X) . 



5(5° -> 
3.5% 
5(5 S -> 0vr) 



+ 



+ (0.0059 ±0.0031) 



With the absolute charm branching values from Table II we obtain 



B(b -> ccs') = 0.22 ± 0.03 



(2.16) 



(2.17) 



5(A C -> p^-tt- 



+ 



(2.18) 



(2.19) 



n c = 1.19 ±0.03 . 



^2.20) 



Since n c and h c must be equal, the apparent discrepancy between them (compare Eqs. 
(2.14) with (2.20)) indicates to us a possible miscalibration of absolute BR's of charmed 
hadron decays. We hypothesize that the problem is limited to 5(5° — ► K~tt + ) (see Section 
I) and propose an accurate method for determining this quantity as follows. By treating 
B(D° — > K~tt + ) as an unknown and equating n c with n c , one gets 



5(5 -> DX) = 1 - 5(5 -> no charm) - 5(5 -> 5+X) + 
- 5(5 -> 6ar?/on c X) - 5(5 -> (cc)X) . 



(2.21) 



Eq. (2.21) expresses the trivial fact that [36] 



5(6 — > c) ~ 1 — 5(6 — > no charm) 
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and yields 
5(5° -> 



3.91% ■ 



B B ^ DX 



I for B(£>°^i<:-7r+)=3.91% 



1 - 5(5 no charm) - 5(5 D+Z) - 5(5 baryon c X) - 5(5 -> (cc)X) 

(2.22) 



Inserting the current CLEO data 



5(5 -> 5X) = (0.798 ± 0.042) 



3.91% 



5(5° -> X-7T+) 



5(5 -»■ 5+X) = (0.021 ± 0.010) 

5(5 -> baryon c X) = (0.0365 ± 0.0065) 
and Eqs. (2.13) and (2.16) we obtain 



3.5% 



B(D S -> 0vr) 



6% 



5(A C -> p^-tt- 



5(5° -> X _ 7r + ) = (3.50 ± 0.21) 



This in turn yields 



5(6 -> ccs') = 0.227 ±0.035 



(2.23) 



(2.24) 



(2.25) 



(2.26) 



(2.27) 



n r = n r = 1.20 ± 0.04 . 



Once the model independent measurement invented by CLEO for [10] 

B{D S -> for) 
5(5° -> K-7T+) 

becomes accurate enough, we suggest that it be used to determine 5(5° 
Eq. (2.21) by combining both the D and 5+ yields in tagged 5 decays. 



(2.28) 



K 7T + ) from 
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Comparison of the Theory of Inclusive B Decays with Experimental Results 

The direct B(b — > ccs') measurement is now known to be compatible with theoretical pre- 



dictions (0.24 ±0.051 in on-shell scheme and 0.30 ±0.044 in MS scheme) [ |37| , p8| , which have 
larger uncertainties. Furthermore, we are finally in a situation to confront the theoretical 



calculation of 4.0 ± 0.4 [||] for 



T(b^ cud') 
fjb 



cev) 



(2.29) 



which served as a necessary input for a number of our predictions |T£|. With accurate 
measurements of B(b — > ccs') and B(B — > Xev), r ud is determined by p4] , |35| , |l8| , 

1 - B(b -> ccs') 



e.rp 



B(B -> Xez7) 



(2 ± r r ± ry) . 



We use 



r( 



crz/ 



r(6 — >■ cev) 



0.25 



(2.30) 



(2.31) 



-> = (10.49 ± 0.46)% (CL£0 II), 



(2.32) 



and we have chosen 



r(6 — > no charm) 

V = i~77i ^ = °- 25 ± °- 10 

1 (o — > cev) 



to obtain 



(2.33) 



r u d 



4.86 ±0.47 . 



exp 



[2.34) 



If the discrepancy between the measured and theoretically predicted values of r u d persist, 
it will indicate either large higher order QCD corrections |42|] or important nonperturbative 
effects at 0(l/rn 3 b ) @,|3] or both. 

We favor the explanation due to non-perturbative effects at 0(1/ ml). The reason goes as 
follows. There are no 0(l/mf) corrections of the Pauli-interference and Weak-annihilation 
type for B decays governed by b —>■ ccs transitions. Thus, comparing theory and experiment 
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for B(b — > ccs') indicates whether higher order QCD corrections are important for b — *> ccs' 
transitions, under the assumption of local duality. Because theory and experiment are 
compatible for B(b — > ccs') (with theory tending to give slightly larger values), we speculate 
that 0(1 /ml) effects rather than higher order QCD corrections enhance the b — > cud' rate. 

We conclude that there is no problem between the precisely measured B{B — > Xtv) and 
the state of the art theoretical investigations ||43|| . In fact, CLEO's recent measurements 



provide theorists with several consistency checks. A successful theoretical calculation must 
not only agree with the precisely measured B(B — > X£u), but with the following accurately- 
known quantities as well: 

B(b -> ccs') = 0.227 ± 0.035, and (2.35) 
r ud = 4.86 ± 0.47 . (2.36) 



III. THE LOW R c MEASUREMENT 

Whereas theory predicts 

R _ T(Z° -> cc) _ Q ^ 
T(Z° — > hadrons) 

LEP/SLC have measured it 2 a below this value at M 

R c \ exp = 0.1598 ± 0.0069 . (3.2) 

One must, however, distinguish among the various R c measurements. The measurements 
which fully reconstruct primary D* + 's are inversely proportional to B(D° — > K~n + ) 



R C (DELPHI D*) = 0.148 ± 0.007 ± 0.011 ||], (3.3) 



R c (OPAL D*) = 0.1555 ± 0.0196 |§, (3.4) 

with a world average of 
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R C (D*) = 0.150 ± 0.011 . (3.5) 

Unfortunately OPAL and DELPHI have not explicitly presented the uncertainty due 
to B(D° — > K~n + ) in their R c measurements which would allow B(D° — > K~n + ) to be 
determined straightforwardly. In the absence of such information, we will be conservative 
and retain the full uncertainty in R c to obtain 

3.84% 



17.2 = (15.0 ±1.1) 
This yields 



B(D° -> K-tt a 



(3.6) 



B(D° -> R--K+) = (3.35 ± 0.25)% , (3.7) 

which is compatible with our extracted value of B(D° — > K~tt + ) from n c (see Eq. (2.26)). 

DELPHI also measured i? c via an inclusive double tag method, where only the daughter 
pions of the energetic D*^ have been reconstructed. This method does not involve B(D° — > 
K~n + ) and the result, albeit with large uncertainty, 

R c (-k + tt-) = 0.17ltooi2 ± °- 015 ( 3 - 8 ) 
agrees with theory without modification. 

There is also a lepton method for measuring R c , but it has very large systematic uncer- 
tainties, and there are R c measurements from both OPAL and DELPHI from direct charm 
counting [@,|J. The extraction of B(D° — > K~n + ) from the latter is less direct than from 
the fully reconstructed D* + data samples, because additional charmed hadrons are involved. 
We illustrate what is involved with the data sample published recently by OPAL [|J, 

# c (charm counting) = 0.167 ± 0.011 {stat) ± 0.011 (sys) ± 0.005 (6r) . (3.9) 

OPAL measured 

Rc f(c -> D°) B(D° -> K-n + ) = (0.389 ± 0.037)% , 
R c f(c -> D + ) fi( J D+ -> ^7r + 7r + ) = (0.358 ± 0.055)% , 
i? c /(c -> £>+) -> 07r + ) = (0.056 ± 0.017)% , 

i? c /(c -> A+) 5(A+ -> pA^7r + ) = (0.041 ± 0.020)% . (3.10) 
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It then summed these fractions using the reference branching fractions from the preliminary 
1996 PDG: 

B(D° -> K--K+) = (3.84 ± 0.13)% , 
B(D + -> K-7i + 7T + ) = (9.1 ± 0.6)% , 
B(D+ -> 07T+) = (3.5 ± 0.4)% , 
5(A C -> pAT7r+) = (4.4 ± 0.6)% . (3.11) 

OPAL assumed that the undetected primary S c and Q c production is (15 ± 5)% of the 
primary A c production, and thus obtained Eq. (3.9). 

We want to modify this treatment in several respects. First, we wish to solve for B(D° — ► 
K~tt + ) assuming the standard model value for R c = 0.172. Second, as Section VII explains, 
a more satisfactory estimate for B(A C — > pK~7t + ) is (6.0 ± 1.5)%, rather than (4.4 ± 0.6)%. 
This causes the primary production fraction of A c to decrease. We then correlate the inclusive 
primary production fraction of baryon c to that of A c via 

f(c^baryon c )= /(c -> A c ) / (1 - p) 2 , (3.12) 

where p models the production fraction of ss fragmentation relative to // from the vacuum, 



where / = u, d or s |4]J. A value of B(D° — > K 7r + ) is thus obtained via 

(0.389 ± 0.037) + °- 358 ^ - 055 

B(D — > K 71 ) = (0.056±0.017)% (0.041±0.020)% (3.13) 

Uc B(D a ^<t>iT+) (l-p) 2 B(A c ^pK-7c+) 

Inserting, 

r+ = 2.35 ± 0.23, R c = 17.2%, B(D S -> 0vr + ) = (3.5 ± 0.4)% , (3.14) 
and B(A C -> pK~ir + ) = (6.0 ± 1.5)%, (3.15) 

we obtain 

£?(-D° A^7T+) = (3.67 ± 0.42)% . (3.16) 

This is again compatible with our other B(D° — > K~n + ) determinations. We have thus 
shown that a reduction in the value of B(D° — > A^~7r + ) eliminates the discrepancy between 
theory and experiment regarding R c . 
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IV. ANATOMY OF B — > DD KX PROCESSES 



Since CLEO II has proven the prediction [18| that a sizable fraction of all B decays are 
governed by B — > DD KX, it is imperative to classify these processes. This section serves 
then the dual purpose of aiding experimentalists in finding and classifying the B — > DD KX 
processes and discusses how to properly take them into account in other B decay analyses, 
such as semileptonic B decays, where they represent a background. 

Current [semileptonic] analyses have not accounted for B — > DD KX backgrounds, and 
therefore need to be modified, as discussed in the next section. This section focusses on the 
more global properties of the B — > DD KX transitions. 

Isospin symmetry is a powerful tool for these processes because the underlying b — *> ccs 
quark transition has I = 0. A sizable [probably majority] fraction of all B — ■> DD KX 
decays will be of the exclusive form B — > D^D^K |f48f, 



B- -> £)(*)+ £)(*)- K~ 
D (*)o K - 



(4.1) 



B d -> L> ( * )+ if 



(4.2) 



Isospin symmetry alone demands that 49,50 



T(B~ -> if") = r(5 d -> D w ° D ( * )0 if°) 



rfs- -> d ( * )0 d ( * )0 k-) = T(B H -> £)W + £>w- 



r(s- dW- if ) = r(5 d -> d { * )+ d ( * )0 k~) 



(4.3) 
(4.4) 
(4.5) 
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Color transparency arguments [5TJ predict that the isospin of D if is essentially zero [pD] 

S(6^c+(D W Z) J=0 ) > B(6 -> c + (D W F) /=1 ) (4.6) 

This could also be demonstrated by observing that the virtual W — > cs decay gives rise to an 
isospin and color singlet. The isospin singlet, I Ss = 0, hadronizes independent of what the 
rest of the system does under the factorization assumption [52|, thus corroborating Eq. (4.6). 



It then follows that 50 



T{B~ -> dW" K~) = T{B d -> £>M° D W ° AT ) 



(4.7) 



and for the remaining processes, 



r(B~ -> d«° d ( * )0 if-) = r(s _ -> d ( * )0 dW- if ) 

r(5 d -> dW+ if°) = T(B d -> D ( * )0 if") 



(4.8) 



Of the 24 potentially different rates represented in Eqs. (4.1)-(4.2), we have thus reduced 
the problem to 4 (as yet) unrelated, reduced matrix elements, 

B -> D« TJ W if . (4.9) 

To go further, we complete the implications of the factorization assumption, wherein the 
[relative] D and D* production is described by the B — ► D'*' form factors [53,54]. To probe 



the hadronization of cs into D^K, one may contemplate the matrix element 

< D^if |s 7m (1 - 75 )c|0 > . 



(4.10) 



This presents a formidable, but academic, theoretical problem. The dominant hadronization 
processes will be cs — > -D^~ and cs — * D^ - — > D KX, where D r ~ denotes all cs resonances 
beyond the D~ and D*~ . The following matrix elements are thus of great importance 



<££-|s 7/1 (1-7b)c|0> 



(4.11) 



and are being analyzed at present [55]. Because of the V-A nature of the current, the final 
D s resonances cannot have spin 2 or higher. Spinless p wave resonances are suppressed, as 



can be seen by taking the limit m s — > m c in which case the matrix element [Eq. (4.11)] 
vanishes. We expect the radially excited s wave D s resonances, 0~ and 1~, to be significant 
contributors, because their decay constants are found to be very large in preliminary lattice 



studies 56 



Whereas the b — > c + D^K processes were the highlight of this section, in the next 
section they will be viewed as a background in semileptonic B decays. 



V. SEMILEPTONIC B DECAYS 



Semileptonic decays are one of the most studied aspects of B hadrons [21]. These must 



be reevaluated since roughly 10% of all B's decay via B — > DD KX |T8[ which introduce a 
B — > D — > £~ background that has not previously been considered. We will discuss inclusive 
decays first, followed by a detailed accounting of their various exclusive components. 

A. Inclusive Semileptonic B Decays 

Inclusive semileptonic measurements include the single lepton analyses and the so-called 
"model independent" dilepton analyses PT|J5I1|J2^ ]. The lepton spectrum in these analyses 



is made up of the following components: primary leptons from (6 — > ciu), secondary [or 
cascade] leptons from (b — > cX, c — > slv\ and leptons from primary charm decays (c — > siv\ 
Because [V^/V^l ~ 0.1, the b — > utv transition is highly suppressed. 

One of the well known features of the V-A interactions is that, in the respective restframes 
of the decaying heavy flavors, the charged lepton spectrum for b — > qi~v transitions is hard, 
whereas that of the c — > g'£ + z/ transitions, is soft. Together with the fact that Mb > M c , 
it follows that the primary leptons (b —>■ q£~) will be harder [in momentum p at T(45*) 
factories, in p as well as px,rei at higher energy colliders] than the secondary leptons (b — > 
c —>■ £ + , b — > c — > In the laboratory frame the secondary charm has a boost that must 
be taken into account and the B mesons are not strictly at rest in the center of mass frame 
of an T(45). 
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Figure 2 of Ref. J23| shows the inclusive lepton spectra at the T(4S f ). That Figure 
demonstrates that essentially only primary leptons satisfy the p > 1.5 GeV/c cut, whereas 
both secondary and primary leptons contribute at lower momenta. 



1. Single Inclusive Lepton Analysis at the T(45) 

In many of the single lepton analyses, the shape of the cascade lepton momentum 
spectrum is obtained by convoluting the measured B — > DX momentum distribution 
with that of the D — > IX. Secondary leptons from cascading D S ,A C , and J/ip decays 
(B — > (A C ,D~, J/ip) — > t) are treated as background and are subtracted. Since no charge 
correlations are performed in the analysis, it is immaterial whether the regular D (i.e., D° 
and D + ) charmed hadrons are created through b — > c and/or b — > c transitions. The nor- 
malizations of the various lepton components are extracted from a fit to the inclusive lepton 
data sample. Ultimately, significant model dependence persists in the determination of the 
inclusive primary B(B — > Xt~v) as Table IV demonstrates. 

It is therefore important to note that ARGUS invented a "model independent" dilepton 
method, which extracts the inclusive yields of the primary and secondary components sepa- 
rately. CLEO improved upon this method by introducing the more optimal Wang diagonal 
cut p2[^3j. ALEPH tailored the dilepton analysis to the Z° environment. However, as 
mentioned above, the dilepton analyses are flawed in two respects. First, the background 
from B —>■ D — >• i~ transitions was not taken into account. Second, the removal of B — B 
mixing effects is more subtle than has been assumed. The next subsection describes how to 
incorporate these two effects and attempts to quantify the subsequent modifications. 



2. Model Independent Dilepton Analysis 



We now take issue with the so-called "model independent" dilepton method invented by 
ARGUS P7 |, and improved by CLEO |2"2] , |2"5|] . First, the dilepton analysis has to be corrected 
for the neglected B — > D — > e~ background. The current procedure takes the lepton from 
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the decay of the wrong-charmed hadron (B — > D — > e~) to be primary, thereby deceptively 
increasing the primary component. Second, the current modelling of B° — 5° mixing effects 
is flawed in that it implicitly assumes that 

B(B d -> D -> e+X) = -> D -> e + X). 

The correct removal of B° — B° mixing effects is discussed in Ref. | J57|| . It is straightforward 
once we recognize that 

B(B d -> D -> e+X) > -> L> -> e+X). 

Before we begin a more detailed discussion of these modifications, we will briefly review the 
current dilepton analyses. 

Strict cuts on the first lepton guarantee it to be primary (6 — > l~\ This is the lepton 
used in the "tag" of one B in the event. No momentum restrictions are placed on the second 
lepton, which in the case of ARGUS and CLEO is an e ± . Angular correlations, however, are 
used to ensure that the second lepton comes from the other B in the event. The unlike-sign 
and like-sign lepton momentum spectra are expressed in terms of the primary (B(b)), and 
cascade (B(c)), branching fractions [27],^2, ^1 . 

dN±^ , . fdB(b) , s dB(c) \ , . 

_|£. £(p) ^_li (1 _ x ) + _li x j, (5.1) 

^^^^ 
dp dp dp 

Here e(p) is the momentum dependent efficiency of a cut that removes unlike-sign dileptons 
originating from a single B decay and x parameterizes B° — 5° mixing. The primary and 
secondary electron spectra were obtained by solving these two equations. It is claimed 
that there is no model dependence for the measured momentum spectrum dB ( B ^ Xeu ) ; where 
P > 0.6 GeV/c [p3|| . Refs. [0,^3|] have subtracted backgrounds coming from inclusive 
charmed baryon and D s production in B decays. 

a. The B — ► D — > £~ Background 
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The background from B —>■ D — > £~ transitions however, was not taken into account. To 
clarify this criticism note that if there were no mixing (x = 0), the B — > D — > £~ transitions 
would feed into the unlike-sign dilepton data sample. The "model independent" analysis 
is therefore more complicated than currently believed, but nevertheless possible once one 
differentiates between the conventional h — > c — > e + , and the additional b —>■ c —>■ e~ , 
secondary lepton sources. 

To accurately account for the background due to B — ► D — > E~, one has to study the 
D — and D* — correlations, where the and lepton have different B parents. In 
such a study, one must 

(a) remove B^ — B^ mixing effects, and 

(b) determine the probability that a wrong-sign charm (D) is seen as a D° as opposed 
to a D~ [since their semileptonic branching fractions differ]. 

Let us explain what is involved in our case. Denote by the sum of the charged 
and neutral D^°. The inclusive wrong-charm rate is predicted to satisfy, 

T(B~ -> D { * ] X) = T(B d -> D ( * } X) , (5.3) 

whereas the right-charm rate satisfies 

T(B~ -> D^X) w r(5 d -»■ D W X) . (5.4) 

While the color allowed and color suppressed B decay amplitudes interfere for the B~, they 
do not for the neutral B&. Given the inclusive nature of the processes under consideration, 
it is expected that the above approximation will be still valid. Since the charged and neutral 
B lifetimes are approximately equal [fj8| , |5"9|l , 



B(B~ -> D ( * ] X) w B(B d -> D { * ] X) , (5.5) 



B{B~ -> D W X) w 5(5^ -> DWl) , (5.6) 
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the Bd — Bd mixing removal is now straightforward from measurements of the £ — D and 
— correlations, separately |57j (where the hard primary lepton comes from one B 



and the charmed hadron from the other B in the process). 

With mixing successfully removed, one has the separate inclusive BR's into wrong- 
charmed D and D* , for an unmixed B. Isospin symmetry tells us that the wrong-charm 
_D*'s are seen in equal fractions as D*~ and D*°, which is also true for the wrong-charmed 
.D's that do not originate from D*'s ! 

Note that the procedure just described ignores (a) kinematic threshold effects where 
cs — > D**~ in the neig hborhood of the D ( * ] K mass, and (b) the Cabibbo suppressed tran- 
sition W — > cd — > These small effects can be incorporated if desired. The relative 
fractions of the wrong-charmed mesons hadronizing into D~~ and D° can therefore be exper- 
imentally determined to allow the accurate modelling of the B — ^ D — > i~ background. 

If all other backgrounds were modelled correctly, the subtraction of the B — > D — > £~ 
background would decrease the semileptonic BR of B mesons since, as discussed above, 
the various analyses have taken the lepton from the decay of the wrong- charmed hadron 
(B — * D —>■ £~) to be primary which incorrectly increased the primary component. We 
suspect however that CLEO has oversubtracted some of the other b — > cs — > e~ backgrounds. 
It may therefore be worthwhile to quantify our expectations. 

An elaborate account of the "model independent" inclusive semileptonic B{B — > Xlv) 
measurement can be found in Roy Wang's thesis and in Ref. ||23|| . Since the predominant 



representative of the cs background (in b — > ccs transitions) is D s , we needed to understand 



it and therefore obtained the following central value parameterization [50 



/•2.6GeV/c dB — 

/ dp e —{B^Xev) = [9.85 + 0.434 (l-w)}%. (5.7) 

J0.6 GeV/c dp e 

Here w denotes the actual b — > cs — > e~ background in units of the original D s background 
used by Wang in his thesis, 

B(b —> CS — > £~)\b->D-X [Wang] 
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The quantity s = 0.2 ± 0.1 is a correction factor, which takes into account the fact that the 
diagonal cut invented by Wang |22| suppresses the B(b — > cs — > £~)\b^ddkx background 
more than that of the B(b — > cs — > e~)\g^ D - x , on account of its softer lepton spectrum. In 
general |H[ 



IB^DD KX 



+ 



B(b -> cs 

2 (1 + r) 
B(D~ - 



B(W -> 
2 (1 + r) V 



rX)|l + r + s(D* _ -> D 
A ' L + 5 (£)*- -> ZTX 



7T 



X)<{ 1 + r + B(D*- -> L>V) 



+ 



r(£)°j 



(5.9) 



The last approximation is excellent and assumes the same inclusive semileptonic rates for 



D and D . The observable r denotes 



BfS -> X + D 



(5.10) 



B(B^X + D) 

where -D^r denotes wrong-charm D without D* parentage. As demonstrated above, r can 
be experimentally determined from £ — D and Sr — D* correlations. Whereas the D s 



background in Wang's thesis was taken to be |22j60] . 

B(b ^cs^ e")| s ^ D - x[Wang] = B(B -> D;X)B(D; -> Xe~z/) = 0.1181 x 0.0793 = 9.36 x 10~ 3 

(5.11) 



we use a smaller inclusive semielectronic D s BR, 

r(D°^Xe-z>) 
« Bp -> Xe"z/) = (6.64 ± 0.18 ± 0.29)% . 



(5.12) 



The reason is that while the lifetime ratio is measured as 



r{D s 
t(D c 



1.12 ±0.05 
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(5.13) 



ISGW2 [^6| predicts a substantial decrease in the inclusive semielectronic D s rate versus 
that of the D°, because of the restricted phase space of D s — > i]'e~u. 

The portion of the inclusive D s yield in B decays that contributes to the background is 

@ 



B(B -> D~X) = 0.100 ± 0.017 



(5.14) 



so that we obtain 



B(b — > cs — > e 



\B-*D7X 



B(B -> D;X)B(DJ -> le^) « 6.64 x 10" 



(5.15) 



Table V estimates 5(6 — > cs — > e JIb-kdd^x 
recent CLEO measurement |63| , 



and w , as a function of r. It uses the 



£(£> -> Xe~V) = (6.64 ± 0.18 ± 0.29) % , 



and takes the D + /D° lifetime ratio and B(D*~ — > D°-k~) from the 1994 particle data group 
f|. Our guess for the "actual" b — > cs — > e~ background is roughly as large as that of the 
original D~ background employed in the published CLEO II analysis p3 and in Wang's 



thesis ||22|| . It is relatively insensitive to the precise value chosen for r, as seen in Table V. 
For w = 0.9, the primary lepton BR between 0.6 < p e < 2.6 GeV/c is [see Eq. (5.7)], 



B{B -> Xe-u, Pe > 0.6 GeV/c) = 9.89% . 



(5.16) 



The undetected primary fraction is estimated to be EB 
B(B -> Xe~u, p e < 0.6 GeV/c) 



B[B^Xe~v) 



(6.1 ±0.5)% 



(5.17) 



We therefore interpret the published CLEO II data 23 , 22 1 to mean 



B{B -> Xe-u) = (10.5 ± 0.5)% , 



which is in excellent agreement with the published CLEO II result 



B(B -> Xe-u) = (10.49 ±0. 



(5.18) 



(5.19) 
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We found that the impact of the B —> D — > e background is much reduced on account 
of its soft momentum spectrum, which causes it to be efficiently removed by the Wang 



cut [p2]| . Because CLEO has probably oversubtracted the B — > D~ — > e~ background, not 
much changed in overall normalization when we added the B — > D — > e~ background to our 
B — > D~ — ► e _ estimate. However, we predict the b — > cs — > e~ background to be softer 
than that which they used, resulting in a stiffer primary lepton spectrum than currently 
measured by CLEO f^Z$. 

Clearly, other backgrounds must be modified. For instance, the "e from same B back- 
ground" listed in Table 4.5 of Wang's thesis is predicted to increase because of an expected 
increase in the exclusive B(B — > D^lv) which in turn is due to an expected decrease in 
B(D° -> K-TT+). 

We encourage CLEO to carry out the necessary modifications. We have seen that the 
B — > D — > e~ background is much reduced for the present analyses at symmetric T(4S) 
factories, primarily because of a fortuitous momentum cut p e > 0.6 GeV/c. At asymmetric 
T(4S f ) factories and for Z° factories similar reductions do not occur and so this background 
will contribute significantly and must be carefully subtracted. It is partially responsible for 
the apparent larger B{b — > Xlv) at Z° factories compared to T(4S") machines, see Section 
V.A.3 below. 

Before moving on to Z° factories, we will next discuss possible flaws in the treatment 
B° - B° mixing effects by ARGUS and CLEO. 

b. Removal of B° — Mixing Effects 

We believe that the removal of B° — B° mixing effects is not correctly performed in 
experimental analyses. CLEO p^j , for instance, has removed mixing from their observed 
A — £ data sample by adding and subtracting a constant. ARGUS has implicitly 
assumed equal inclusive baryon production fractions from Bd and B + decays separately. 
The same implicit assumption was made by CLEO when B{B — > A C X)/ B(B — > A C X) = 



0.20 ± 0.14 was determined from £ A c correlations ||15|| . The quoted error does not include 

26 



(-) 

the following systematic uncertainty. Suppose that only charged 5's produce A c baryons. 



Then the £ ± A C correlations should clearly not be corrected for 5° — 5° mixing effects. On 
the other hand, if only neutral 5's produce A c , then 5° — 5° mixing effects are maximal 
and must be removed. 

Ref. 0] discusses how to properly take into account otherwise confusing B° — 5° mixing 
effects. We will briefly summarize the procedure here. The charged and neutral B meson 
lifetimes and production rates are currently found to be approximately equivalent and will 
be assumed to be identical. (It is a straightforward exercise to incorporate inequalities if 
such are observed.) Suppose that one wishes to determine 5(5 — ► TX) and 5(5 — > TX), 
where T denotes any flavor specific partially reconstructed final state. N^±t denotes the 
produced number of T — £+ correlations, where T and primary £ ± originate from different 
B mesons, 

AW ~ B(B~ - TX) + (1 - 2 X )B{B d - TX) + 2 X B(B d - TX) . (5.20) 

AW ~ B(B + -> TX) + (1 - 2 X )B(B d -> TX) + 2 X B(B d -> TX) . (5.21) 

The above two equations hold for each momentum bin of T, separately. For the dilepton 
analyses, T = e~ and the primary component satisfies 

B{B- -> TX) = ^(i^ -> TX) = 5(5 -> Xe~i/) = B(b) (5.22) 

If the secondary component would have satisfied 

B(B d -> TX) = 5(5" -> TX) = 5(5 -> Xe + z/) , (5.23) 

then we would recover Eqs. (5.1)-(5.2), and the removal of B d — B d mixing effects would not 
have to be modified. The predominant source of e + in 5 decays originates via the decay 
chain 5 — > D — > e + . We thus predict that 

_ B(B d ^ e+X) 



5(5" -> e+X) 
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> 1 , (5.24) 



because 

B(D + -> e + X) /B(D° -> e+X) w r( J D+) /r(D°) = 2.55 . (5.25) 

The dilepton analysis requires the following modifications (where the momentum dependence 
of the signal T = e~ is implicit): 

N t+T ~ 2[(1 - x)S(6) + xc 5(c)] , (5.26) 

iVi- T ~ (1 + c - 2cx)5(c) + 2 X B(b) . (5.27) 

5(6) denotes the primary lepton spectrum in B decays, and B(c) denotes the secondary 
lepton spectrum from charged B decays J5Efl , 

B(c) = B(B~ ^D^e + ) . 

Note that the original dilepton analyses are recovered for c = 1. However, for the estimated 
value of c ~ 1.76 [0 the result is to decrease the published CLEO II value of 

B(B -> Xe-v) = (10.49 ± 0.46)% (5.28) 

B(B -> le";/) = (10.4 ±0.5)% , (5.29) 
which is our estimate for this effect. 

3. Inclusive Lepton Analyses at Higher Energy Colliders 

At energies above the T(4f>) it is also possible to determine the inclusive semileptonic 
BR of B hadrons. The difference with T(45) factories is that there are now more B species 
being produced. At Z° factories, the production fractions [denoted by are approximately 

B d : B~ : B s : A b w 0.4 : 0.4 : 0.12 : 0.08 . (5.30) 
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Thus the inclusive semileptonic BR measurements are a weighted sum over all produced 
weakly decaying B hadron species. Measurements at the Z° resonance are comparable 
in accuracy to those at the T(45). A recent LEP/SLC review determined the primary 
component to be |IJ 

B(b^£r) = (11.11 ±0.23)% . (5.31) 

This is significantly larger than the T(4f>) measurements and appears puzzling at first sight, 
especially since one would expect the smaller A& lifetime to result in a smaller BR relative 



to that measured at T(4S) H30| , |31| . If no lifetime cuts are imposed upon the collected 
semileptonic data sample, then 

T(B d -> Xirv) T(B~ -»■ XtTp) 
p s f T(B s ^X£-u) T(B s ^X£-u) \ T(A b -> XTg) 

+ 2 r(Bf) + f(bl) ) +Pkb r(A 6 ) • (5 - d2j 



Note that the heavy and light B s mesons could have a sizable width difference [38,54 . The 
average B s width is however predicted to be T(Bd) to excellent accuracy [5S ,4^,44] . 



In addition, contrary to the widely held belief that t(B )/t(B^) is larger than one |p8[ , it 



has been found that theory could accommodate shorter lived B~ than 5^ |43|j44| . 

Great care is exercised by the LEP/SLC experiments to guarantee an unbiased B data 
sample for use in the extraction of B(b — > £). Experimentalists are aware that the extraction 
will be biased towards larger B(b — *> €) values if a lifetime cut is employed in the hemisphere 
of the signal lepton tag. The longer lived B species have larger inclusive semileptonic BR 
under the assumption that the semileptonic decay width is the same for all B flavored 
hadrons. Lifetime cuts are effective in highly enriching the B data sample and suppressing 
the Z — > cc — > I background. 

For this reason the ALEPH collaboration prepares a pure B sample by means of re- 
quirements applied to the collection of tracks belonging to one hemisphere in the event, and 
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extracts B(b — *> £) and B(b — > c — > £) from signals in the opposite hemisphere. This is 



referred to as the single lepton and same side dilepton method |28| . The ALEPH values [28 
for B(b — > £) from this method and also the single lepton and opposite side dilepton method 
need to be updated, since they both rely on an older measured momentum spectrum ofb—>-£ 
at threshold machines (CLEO) J^J. In particular, a new CLEO measurement has become 



available p2| which shows a stiffer primary lepton momentum spectrum than was seen in 



earlier CLEO results [ 29| . In addition, the extraction of the primary b — > £ spectrum from 



dilepton analyses at threshold machines has yet to remove the B — > D — > £~ component. 
The correct extraction of the primary momentum spectrum is best performed by CLEO, 
and therefore we will not attempt to quantify the changes for B(b — > £) at Z° factories for 
the above two methods. 

On the other hand, ALEPH employs the charge correlation method to determine B(b — > 
£) with no dependence on spectra obtained from lower energy data [p8[| . This allows us to 



be more quantitative, especially because the extraction of B(b — > £~) depends strongly on 
the correct modelling of the b — > cs — > t~ background. The ALEPH collaboration recently 
reported a preliminary result using this method |]28[| , 

B(b ^£~) = (11.01 ±0.38)% (5.34) 

with the b — > cs — > £~ background modelled by 

B(b -> cs r) = (1.440 ± 0.288)% . (5.35) 

At T(4S*) factories the opposite sign dilepton data sample has a large contribution from 
single B decays. The CLEO collaboration efficiently suppresses that background by the 



diagonal cut invented by Wang [p2j] . The cut has the desirable feature of reducing the 
sensitivity of B(B — » Xe~v) to the precise value of B(b — > cs —>■ e~). The central value 
behaves quantitatively as follows [see Eqs. (5.7)-(5.8) and (5.17)]. 

B(B -> Xe-9) = 0.1095 - 0.494 B(b -»• cs -> e~)|^ Drx + 

- 0.494- s 5(6 ^ cs -> e")^^ , (5.36) 
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where s is defined just below Eq. (5.8). In contrast, at the Z° resonance the two 5 hadrons 
generally decay in opposite hemispheres so that no such cut is required. In addition, the 
leptons experience a significant boost. We therefore expect a larger sensitivity to the b — ► 
cs — > i~ background, and indeed, evidence for this is found in the preliminary analysis of 
ALEPH ra 



Bib -> r) = 0.1179 - 0.54 ■ Bib -> cs -> £") . (5.37) 

Since the J/^> and ip' backgrounds already have been explicitly subtracted by ALEPH, what 
remains is 

B(b -> cs -> r) = 5(5 -> d;x)b(d; -> tl) + 

+ 5(5 -> M) 5(5 -> tl) + 5(5 -»■ A C X) 5(A C -> tl) . (5.38) 

The actual values for B(D~ — > ^~X) differ for T(4S f ) and Z° analyses. The latter experi- 
ments record a larger fraction of the leptons in the decay chain 

fl -*£>,-[- r-i?] 

^ (5.39) 

than is true for the former experiments, because of the large boost of the B hadrons. Whereas 
CLEO/ARGUS used only e ± as signal leptons, the LEP/SLC uses both e ± and /A [ALEPH 
assumes the same background BR for electrons and muons [p8|1 . We caution that the process 
B(D~ — > yTp) ~ 1% enhances the 6 —>■ cs —>■ fi~ background over that of the b — ■> cs —>■ e~ .} 
To make our point more forcefully, we oversimplify and almost ignore process (5.39) for 
CLEO/ARGUS while taking it fully into account for Z° factories. The 5 s 's from B — > D~X 
then satisfy : 

B(DJ - rX)\ z o = B{D~ - e~X)\ rm + 

+ B(D; -> rp) + 5(5; -> r"i7) B(r- -> ri/P) ss 

« 6.64 x 10" 2 + 0.0091 + 0.091 x 0.18 = 0.092 . (5.40) 
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Here the values are for the case of a muon. The background is then estimated as 

B(b ^ cs ^ /O = 0.10 x 0.092 + 0.01 + 1.6 x 10" 4 « 0.02 . (5.41) 

This larger background reduces the primary lepton BR of ALEPH to 

B(b->£~) = (10.7 ±0.4)%. (5.42) 

Clearly, the correct acceptances and efficiencies for each relevant process must be obtained 
by the various Z° experiments. One of the main points of this subsection is that now that 
CLEO has completed the mapping out of the b — > c + cs processes, we recommend the use 
of the measured BR's and momentum spectra of the wrong-charm b — > c transitions for a 
correct modelling of the b — > cs — *> i~ background at the Z°. The removal of B° — B° mixing 
effects is more subtle than currently performed by ALEPH. 

The secondary lepton component experiences different (probably larger) B — B mixing 
effects than the primary lepton component (see Section V.A.2.b). The recent charge cor- 
relation method presented by ALEPH did not take into account different mixing effects of 
primary and secondary leptons. This is not the only analysis that has to be modified for 
such effects. All published reports [02| |, which determine the average (time integrated) mix- 



ing parameter \ from dilepton analyses, must be modified, because they implicitly assumed 
the same average mixing effects for the primary and secondary lepton components. This 
impacts measurements of B(b — > £~) that involve \. 

We hope to have motivated experimentalists to reanalyze their data so as to find out the 
cause of the apparent puzzle of a significantly larger inclusive semileptonic BR of B hadrons 
at the Z° resonance than at the T(4S). 

B. Exclusive Semileptonic B Decays 

Table VI catalogues the various exclusive semileptonic processes. Class 1 consists of the 
exclusive B — > D*i~v processes. The most accurate measurement of such a process, where 



D* +, s are fully reconstructed, was performed by CLEO ||70| , pT 
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B(R -> D*+£-u) = (4.49 ± 0.50)% , 



(5.43) 



whereas that for the charged B decay has a larger error [21 



B(B~ -> D*°rv) = (5.34 ± 



o . 



(5.44) 



The last two equations used the 1994 PDG values for BR's of the weakly decaying charm 
decays We will be conservative and keep the full error and factor out B(D° — > K~tt + ) 
explicitly (see Table VI). Most recently CLEO fn] reported accurate measurements for 
exclusive 5° — > D + transitions via the missing mass and neutrino reconstruction techniques, 
respectively, 



B(B -> D + £-v) B{D + -> K~ 



7T+7T+) = 0.00159 ±0.00029 
= 0.00172 ±0.00036 



(5.45) 



(5.46) 



The exclusive B — > D° BR measurement of CLEO has a larger error, namely, 

B(B~ -> D°fv) = (1.95 ±0.55)% @ . 

Since the experimental situation regarding p wave states is controversial (ARGUS f72|| 
and OPAL ]F^] claim to see most of the remainder as p wave excitations, whereas ALEPH 
|74| and CLEO PJ7^| do not) and since current experiments cannot observe semileptonic B 



decays with broad charmed p waves, we resort to a model independent sum rule |33|]. This 
sum rule obtains the sum over all (both narrow and broad) charmed p wave semileptonic 
BR's, B — ► D**£u from the slope p 2 of the Isgur-Wise function which parameterizes the 
B — > D(*Hv process, 

B(B — > D**£u) 



(0.08 ±0.04) . 



(5.47) 



B[B -> X c £z/) 0.5 
Current slope values yield that about 10% of the inclusive semileptonic decays are D**£v 
, a value consistent with calculations of various models p6|J77| . 

One may argue that present data rule out such a small p wave contribution [ [7^ , [73]] , but 



none of the existing analyses have removed the B — ► DD KX background. ARGUS |72 
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claimed to have measured 

B(B -> D**£u) = (2.7 ± 0.5 ± 0.5)% 



by applying the missing mass technique to their B — > D*£ X data sample ||72|| . But 



the shape of their missing mass spectrum indicates [at least to us] a sizeable B — > 
DD* KX, D*D KX component where one of the charms decayed semileptonically. To but- 
tress their claim, ARGUS searched for additional 7r~'s, which they then correlated with the 
D* + , to form a peak. While the additional ir~ has some discriminating power, there could 
still be sizable backgrounds such as 

B -> D* + D*-KX 

U ^h"l (5.48) 

Note that we have assumed that no it~ /K~ misidentification has been made. To the extent 
that this is not true, more background sources become important. 

The LEP measurements can use significantly displaced vertices to isolate their B — > 
D**£~v signal. If only loose particle identification cuts have been applied, then the primary 
(or secondary) kaon in B — > D^D^ KX could have been combined with the to form 
a fake signal. Another potential problem occurs if a sizable fraction of the background is 
seen as 

B -> D**D[^ £~KX}KX = D**fX . 

This background is removable, for instance, on account of the two additional kaons it gener- 
ates, via differences in D**£~ correlations, or by means of momentum or relative transverse 
momentum spectrum of the lepton. Because experiments have to sort out what exactly has 
been measured, we suggest for now the use of the Bjorken-Isgur-Wise sum rule. 

Model calculations find negligible semileptonic BR's with excited charm resonances be- 
yond the p wave states [7^J26[] . Because also the truly "non resonant" [D^nniu, D s KX£u] 



component is predicted to be small ]78]J75| , [77|J81]| [at the (5-10)% level of the inclusive semilep- 



tonic BR], it appears that the sum over all exclusive semileptonic modes does not saturate 
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the inclusive semileptonic BR (see Table VI). To see the excess clearly, choose the recent 
CLEO value 

B(D° — > K~tt + ) = (3.91 ± 0.19)% , (5.49) 

and use classes 1 + , 2 — 5 of Table VI. The combined BR is 

BR(1+) + BR(2 - 5) = (8.2 ± 0.9)% (5.50) 

and falls significantly below the inclusive measurements. [If the more poorly measured 
B(B — > D*°£~u) is used, one obtains from Table VI, 

BR(1°) + BR(2 - 5) = (9.1 ± 1.1)% .] (5.51) 

The T(4S) experiments have an additional experimental handle which could shed light upon 



this issue 81 



We note that the shortfall is solved by sufficiently reducing the value of B(D° — > K 7r + ). 
Table VI furnishes the BR's for the equation f8*2] 



BR(1 + ) + BR(2 - 5) = BR(t) [BR(1°) + BR{2 - 5) = BR{t)}. (5.52) 

The above equation is solved for the following value 

B(D° -> K-7t + ) = (2.9 ± 0.4)% [(3.3 ± 0.5)%]. (5.53) 

There is no reason yet to be concerned about the smallish B(D° — > K~tt + ) value, 
because the coefficient of (p 2 — 1/4) for the p wave BR (Class 3 of Table VI) could have 
been underestimated, and so could the nonresonant BR (Class 5 of Table VI). The accurate 
measurements of B(B — > D*£v) and B(B — > D£v) allow CLEO to perform consistency 
checks with the inclusive data samples. This enables CLEO to probe the fraction of the 
time semileptonic decays are not seen as B — > D^*'iv. Future theoretical investigations 
would then be useful in estimating how to partition that remainder into Classes 3 and 5 of 
Table VI. 
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There appears to exist weighty evidence from the low values of R c , n c and sum over ex- 
clusive semileptonic BR's of B decays that B(D° — ► K~it + ) ought to be lower than presently 
estimated. The precise determination of B(D° — ► K~n + ) is of paramount importance, be- 
cause this mode calibrates much that is known in heavy flavor (both charm and beauty) 
decays. As indicated above, it is of significance in ascertaining whether there is a Standard 
Model reason for the apparent discrepancy between theory and experiment regarding R^. 
The next section thus suggests several methods that accurately measure B(D° — > K~n + ) 
from correlations with the primary lepton data sample from B decays. One of them uses 
the fact that 

B(B -> D + fX) + B(B -> D°rX) + B(B -> D+£~X) w B(S -> X c r ) . (5.54) 

This method does not involve soft 7r + detection efficiencies [from D* + — > tt + D° decays], and 
is thus complementary to the existing determinations of B(D° — > K~tt + ) [Q. 

VI. MEASURING S(,D -» K~7r + ) FROM B -> PROCESSES 



Our suggestion that a sizable fraction of all B decays are seen as B — > DD KX fl8 



has recently been proven by CLEO from £ — D correlations A severe momentum cut 



(p > 1.5 GeV/c) guarantees the lepton to be primary, and angular correlations between 



— D allow us to measure separately the two cases in which [83 



(a) the lepton originates from one B and the D originates from the other B in the 
event, and 

(b) both the lepton and the D come from a single B decay. 

Whereas case (a) probes our suggestion, case (b) is important in its own right because it 
provides an accurate method for determining B(D° — > K~tt + ): 

The number of B — > D°£~ , D + £~ , Df£~ , A+£~ must equal the number of £~ produced 
from b — > c£~ processes. Here all leptons satisfy a high momentum cut of say p > 1.5 GeV/c. 
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Backgrounds from the continuum and from b — > u£~ transitions have been subtracted. Good 
vertexing would allow further suppression of the backgrounds relative to the b —>■ c£~ signal. 
The semileptonic decay B — > D^KXiv has not yet been observed, and stringent upper limits 
exist ||62|| . While it is expected to occur with a small few permille BR to start with, it will be 



even less important fractionally for the high end lepton momentum region advocated here. 
This process is currently being estimated |80]. The process B — > A+NX£~~i? is expected to 



be utterly negligible at the current level of accuracy. Denote the produced number of events 
{f£~) from B — > X c £~v transitions by N[f£~]. Then 

N[D°£-] + N[D+tr] + N[Dtn + jV[A+q _ 

N[ c e-} ' 1 ' 

where N[c £~] denotes the produced number of b — > c£~ processes. Define further, 

= B(D+ -> K-n+n+) = B(D+ -> 0tt+) 

The desired BR is then 

B{D o , _ ^[C^V] + ^[(^vr+7T+) g+ ] / r + + L[(07r+) D J/ r. 

1 - L[(pK-n+) Ac ] B(Ac J pK - n+) 

B(D° — > i^ _ 7T + ) is measured by determining the quantities on the right hand side 

of the above equation, where, for instance, L[(K~ ~-k + ) £>o] denotes the fraction of S — > 



(i^ _ 7r + )£)0 X £ _ z/ events relative to B — > X c £"z/ events f84fl . 

For now the use of 1 for the denominator is a useful approximation, and the D^£~ /(c£~) 
fraction could either be taken from theory |80[ or from experiment once it is observed. Since 



the D + £~ /(c£~) fraction will be substantially smaller than D°£~ /(c£~) [because of isospin 
violating D* decays], the ratio of BR's r + need not be known to the same degree of accuracy 
that is pursued for B(D° — ► K~tt + ). Still, Menary suggested that it may be feasible to 



determine r + to 2% accuracy from the T(45) continuum f55| . To augment statistical data, 
we suggest the use of all available final states of charmed hadron decays, because the ratios 
of BR's to the calibrating modes are well known. 
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With straightforward modifications, higher energy experiments (such as Z° factories) 
may wish to study the feasibility of determining B(D° — > K~tt + ) from an analogous analysis. 
This determination of B(D° — > K~n + ) is complementary to the present measurements of 
B(D° — > K~7i + ), in that it does not require the observation of the soft tt + from D* + — > ir + D° 
decays. 



The process Bd — > D* + £~u allows a second method for determining B(D° — > K~tt + ) []86 
Here one infers the existence of a D* + from its soft 7r + daughter. CLEO J|7| could extract 
B(D° — > K~7i + ) by measuring the fraction of the time where the ir + £~ sample involves an 
additional (K^tt + ) d o, which gives the D* + peak when combined with the soft 7r + . 

Hadron facilities (such as the CDF collaboration), Z° factories and asymmetric B fac- 
tories could suppress backgrounds by requiring the n + £~ sample to form a detached vertex. 
Once this sample is correlated with a fully reconstructed D°, which together with the soft 
7r + forms the D* + , B(D° — > K~tt + ) can be extracted. In an analogous spirit, the mode 
B d — > D* + n~ could be also used [p7f . 

We hope to have convinced the reader of the importance of the D° — > K~tt + BR, and 
the need for additional high precision measurements. 



VII. HEAVY BARYON PRODUCTION AND DECAY 



The calibrating mode of heavy baryon decays is A c — > pK tt + . While the world average 



is 



B(A C -> pK-it + ) = (4.4 ± 0.6)% 



(7.1) 



this section argues to use instead [Id 



B(A C -» pK-u + ) = (6.0 ± 1.5)% 



(7.2) 



The world average is dominated by baryon production analyses in B decays p4]J65]] which 
assumed that almost always a weakly decaying charmed baryon is involved. The assumption 
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is invalidated by the observation of significant B decays into a charmed meson and a nucleon 
and/or anti- nucleon, 

B -> D { * ] NX, D^NX . (7.3) 

A straightforward Dalitz-plot analysis predicts that a sizable fraction of all baryon producing 
B decays is likely to be of that form (see the Appendix). The b — > c + W transition, 
where the virtual W hadronizes as a baryon-antibaryon pair plus perhaps additional debris, 
provides another source for B — > NX, NX processes. Flavor correlations within 
the B -> £)W n X processes allow to distinguish between the two production mechanisms. 

An extension of the £ + D^ correlations presented recently by CLEO ||17|| , may yield the 
first observation of such processes. A positively charged high momentum lepton and a 
meson must originate from two different B's in the T(4S) event. An additional nucleon 
or antinucleon should be searched in that data sample. A positive signal would then most 
likely demonstrate the existence of the processes given in Eq. (7.3), or very unlikely baryon 



production in semileptonic 5-decays |88 |. The existence of angular correlations between 



the N and would then prove that both particles originate from the same B [85]. If 



such correlations are found to be sizable (which we predict), the 1994 and 1996 PDG world 
average for B(A C — > pK~ir + ) must be abandoned in favor of |TB 



B(A C -> pK-n + ) = (6.0 ± 1.5)% . 

One consequence would be that current measurements overestimate heavy baryon produc- 
tion. 



VIII. IMPLICATIONS AND CONCLUSIONS 

When we try to make sense of the combined experimental evidence reviewed here, we 
conclude that the absolute BR of charmed hadrons must be reevaluated. This note con- 
sidered the evidence from the (a) n c values in B decays, (b) R c measurements at the Z° 
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resonance, and (c) the combined exclusive semileptonic B decay BR's versus the inclusive 
semileptonic BR. We identified D° — > K~ir + as the main culprit and expect that its BR will 
decrease from the presently accepted value. Some of the consequences of this are that 

(a) a sizable fraction of D° decays may still have to be accounted for; 

(b) B[B — > D^lv) will increase, causing its derived |V^,| to increase; 

(-) 

(c) B(B — > D° X) and B(B -> D ± X) will increase; 

(d) B(D S — > 07r + ) would decrease, because of its recent "model independent" extrac- 
tion which relates B(D S -> </>tt + ) ~ B(D° -> I<-tt + ) 0; and thus 

(e) B(B — > DfX) would increase. 

The B — > DD KX processes were neglected in all existing experimental analyses. But CLEO 



has demonstrated that they have a sizable BR |18[ , with some of the following consequences: 



(a) the current understanding of primary and secondary lepton spectra in B decays 
has to be modified; 

(b) B(B — > XJ,v) will have to be modified; 

(c) the exclusive B~ and B^ lifetime determinations from B — > D^X£~u data sam- 
ples will have to be modified; and 

(d) the traditional belief that B — > D^X£~u processes unambiguously tag their 
parent B flavor at time of decay is not true, because of the following background 

B -> DDKX = £ + D . 



The discovery and accurate modeling of B flavor tags is crucial for B® — B q mixing (g = d or 
s) and CP violation studies. Thus we note that the B — > DD KX background is removable 
from the semileptonic B — > DXt~v processes on several accounts: 
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1. softer lepton spectrum (in p and pr,ree)', 

2. different — £ correlations; and 

3. the two additional kaons generated in background events: Primary kaon from the b — > 
ccs transition, and secondary kaon from semileptonic charm decay (c — > s£ + u or c — > 
s£-u). 

While this background can be accurately taken into account and is easily removable, none 
of the present experiments have done so. We are eager to learn what will change in the 
published measurements, once the effects in this note have been included. 
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X. APPENDIX: (CHARMED) BARYON PRODUCTION IN B DECAYS 



The accurate accounting of inclusive charm yields in B decays requires a consistent de- 
scription of charmed baryon production which is lacking in the existing literature. Two years 
ago we hypothesized that the soft inclusive momentum spectrum of inclusive A c production 
indicates that b — > ccs is the dominant source of A c 's in B decays P0" |. Our hypothesis pre- 
dicted (i) large wrong-sign £~A C correlations, where the lepton comes from the semileptonic 
decay of one B and the A c from the other B in an T(45) event; and (ii) large S c produc- 
tion in B decays, which at the time had not been observed and was believed to be greatly 
suppressed ||64|| . Within two months, CLEO observed the first evidence of S c production in 
B decays (see Table I), but proved that the right-sign £ + A c correlations are dominant (see 
Table III) |15|]. Removing B° — B° mixing effects as outlined in Ref. J57|, CLEO measured 



r A =^£^4^1 = 0-20 ±0.14, (10.1) 



where the error does not include a possible systematic uncertainty emphasized in |57j and 
mentioned in Section V.A.2.b above. 

Because the CLEO measurements of inclusive S c production in B decays involve large 
uncertainties and their central values appeared to us to be too high, this appendix correlates 
the S c and fl c production in tagged B decays to that of the A c which has been measured 
with greater accuracy. We neglect b — > u transitions and use the Cabibbo suppression factor 
9 2 = (0.22) 2 for charmed baryon production in b — > cus(b — > ccd) versus b —>■ cud'(b — > 
ccs') transitions. The parameter p = 0.15 ± 0.05 models ss fragmentation relative to // 
fragmentation from the vacuum, where / = u, d or s. The large numerical value for p was 
chosen on purpose. It is used to demonstrate that even large values of p yield a significant 
reduction in H c production in B decays. 

Denote by Cud the fraction of B decays to weakly decaying charmed baryons which 
come from b — > cud, and define C 5s , C 5 d, Cus analogously. Because our model allows for 
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substantial charmless-baryon charmless-anti-baryon production in B decays, Cud is smaller 
or at most equal to Bud denned in Ref. Similar comments hold for the analogous C 

and B quantities. The simplest version of the model predicts 

B(B - A C X) = (1 - p){C,- ad + C- Cd ) (10.2) 

B(B -> A C X) = (1 - p)(C 5s + C- Cd ) (10.3) 

B(B -> ~ C X) = p C*, + (1 - p) C Ss + (1 - p) C- cs + p C c - d (10.4) 

B(B - S C X) = p (C- cs + C M ) (10.5) 

5(5 -> fi c X) = p(C Ss + C 5s ) (10.6) 

S(5^n c X) = (10.7) 

The Cabibbo structure 

Cea/(Ca + C 5s ) = C 5d /C 5s , = 6 2 (10.8) 



Cus/(Cus + Cad) — Cus/Cud' — 9 2 (10.9) 

allows one to express the six observables listed on the left hand sides of Eqs. (10.2)-(10.7) 
in terms of the two unknowns Cud and C gs . These are obtained, in turn, from the two 
measurements involving inclusive A c production in B decays, namel Ya c and r Ac , as follows : 

Cm (1 + A 2 - A 2 r Ac ) 



Y Ac (l-p)(l + A 2 )(l + r Ac 

Ccs _ r A c 

Cu~ d ~ l + A 2 (l-r Ac ) ' 

where 
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(10.10) 



(10.11) 



R (-) _ (-) 

The inclusive H c , f2 c yields in B decays are thus correlated to inclusive A c production, 



BjB -> A C X) 1 
B(B^A C X) r Ac 



Y Ac 1 + r A 

£?(£? — > S C X) C S d f , , 2 Cj 



(10.13) 
(10.14) 



(p+(l-p)A 2 + -^(l-p + pA 2 )) , (10.15) 



B{B ^ ScX) = ^ P(l + A 2 ) , (10.16) 
£>(£? — > f2 c X) / 2 C 5s 



^ A 2 + ^ , (10.17) 

S(S -> Tl c X) = . (10.18) 

We have taken p to be a universal quantity and have assumed that the initially produced 
charmed baryon retains its charm [and when applicable, its strange] quantum numberjs] 
through to its weakly decaying offspring. That is not justified. We typically expect the 
initially produced charmed baryons (via b — > c) to be highly excited, while this is not 



expected of their pair produced antibaryons (via b — > u or b — > c) [91]. That scenario 



explains naturally the puzzling soft momentum spectrum of the inclusive A c yield in B 



decays [92]. That a sizable fraction of these highly excited charmed baryons could break 
up into a charmed meson, a charmless baryon and additional debris is irrelevant to our 
discussion which focusses on weakly decaying charmed baryon production in B decays 



In contrast, it is important to note that H£ — > A C KX could occur significantly [where the 
superscript r denotes excited resonances], and can be tested by observing A C A correlations 
from single B decays. This introduces an additional mechanism for A c production in B 
decays, which may help explain the small measured value of r Ac . It also decreases the naive 
estimate for weakly decaying S c production. Because our predictions have not incorporated 
such effects, they should be viewed strictly as upper limits for S c production in B decays. 
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TABLES 



TABLE I. Inclusive Charmed Hadron Production in B Decays as Measured by CLEO 



T 


Y T = B(B -> TX) + B(B -> TX) 


Reference 


D° 


(0.645 ± 0.025) 


3.91% 1 
_B(D'>^K-it+) 




@ 


D+ 


(0.235 ±0.017) [ 


9.3% 

B(D + ->K-TT+TT+ 


)J 


(94 


1 


D 


(0.883 ± 0.038) 


3.91% 
_B(D u -^K-ir+) 






D s 


(0.1211 ±0.0096) [s^^j 




[95 


1 


A c 


(0.030 ±0.005) 


r 6% 

_B(A c ^pA'-7r+)_ 




[92 


1 


'c 


0.020 ± 0.007 


[14 


1 




0.028 ±0.012 


[14 


1 



TABLE II. Absolute Branching Ratios of Key Charm Decays as used by CLEO 



Mode 


BR [in %] 


Reference 


D° -» K--K+ 


3.91 ±0.19 


i 


D s -> 07T 


3.5 ±0.4 


i 


A c — ► pK~ir + 


6.0 ± 1.5 


© 



TABLE III. Inclusive Charmed Hadron Production in Tagged B Decays as Measured by CLEO 



Observable 


Value 


Reference 


_ B(B^A C X) 


0.20 ±0.14 


[15 


1 


_ B(B-*DX) 
r ° ~ B(B^DX) 


0.107 ±0.034 


[17 


1 


t - B(B^D+X) 


0.172 ±0.083 


[62 


1 
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TABLE IV. Inclusive Semileptonic BR for Various Models from Ref. [22] 



Model 


Ref. 


r(r _> xfu) r%i 

J J \ ±J r y\ L IS J 1 /U 1 


ACCMM 

ISGW 

ISGW** 




24] 
25] 
22] 


10.56 ± 0.04 ± 0.22 
10.26 ± 0.03 ± 0.22 
10.96 ± 0.07 ± 0.22 



TABLE V. The b -» cs -» e~ background assumes 5(5 -> DX) = 10%, B(lJ -> Xe~v) = 
6.64%, t(D+)/t(D°) = 2.55, and B(D*~ S°7r _ ) = 68.1%. The quantities r and w{s) are 



defined in the text. 



r 


B (b -^cs^ OIb^dokxC* 10 " 3 ) 


w(s = 0.2) 





8.28 


0.89 


1/6 


8.78 


0.90 


1/3 


9.16 


0.91 


1 


10.0 


0.92 
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TABLE VI. Classification of Semileptonic B decays 



Class 



Process 



Branching Ratio (in 



Remark 



B -» £> H 



(4.49 ± 0.50) 



4.01% 



Ref. 



B~ -» ,D* £-i/ 



(5.34 ±0.80) 



4.01% 
B(D u ^A"-7r+) 



Ref. 



(1.69 ±0.36) 



4.01% 
B(D"^_ft:-7r+) 



missing mass technique of Ref. [ 71 



5 -» 



I4#(0.8±0.4) 



D** denotes the narrow and 
broad p wave states, BR reflects 
Bjorken-Isgur-Wise sum rule [33] 



B^D r tv 



0.1 - 0.2 



D r denotes all resonances beyond 



the p wave states [77 , 26 | . 



B ► [X c \ non — res £i' 



0.5 - 1.0 



Nonresonant BR p6|,^J7lj7 



1+ ±2 - 5 



E exclusives 



1.2 ± 0.J 



with B{D° -» ^-vr+) = (3.91 ± 0.19)% 



l u ± 2 - 5 



E exclusives 



9.1 ± 1.1 



with £(L> -» K--7T+) = (3.91 ± 0.19)% 



B -> X£i/ 



10.49 ± 0.46 



Published inclusive semileptonic 
BR from "model independent" 
dilepton analysis 
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